The municipal solid waste incinerator (MSWI-JW) situated in a highly industrialized area in the Renwu These all reveal that the PCDD/F emissions from MSWI-JW have no significant influence on the ambient air and banyan leaf receptors; that is, the MSWI-JW is not responsible for the main contribution of PCDD/Fs in the ambient air and banyan leaf. Other potential emission sources of PCDD/Fs could be of greater importance.
INTRODUCTION
Incineration was adopted in Taiwan as the main technology for treating municipal solid wastes because of the country's high population density. In contrast with o t h e r c o u n t r i e s , T a i wa n ' s mu n i c i p a l solid waste incinerators (MSWIs) are larger and newer; only six of the existing MSWIs started operation before 1999 (Lee et al., 2004B) . Consequently, PCDD/F control technologies adopted by these MSWIs are relatively new and are expected to perform well. The PCDD/F emission limit of large scale MSWIs is regulated at 0.1 ng I-TEQ Nm -3 by Taiwan EPA, which is the most stringent in the world, and results in emissions classifie d a s " i n s i g n i f i c a n t " f o r a l l p l a n t s i z e s ( E d u l j e e a n d Ga i r , 1 9 9 7 ) . Al t h o u g h t h e P C DD/ F concentration in the stack flue gases of MSWIs is low, the influence of PCDD/F emission from MSWIs on ambient air is still a public concern. The stack flue gas emitted from this emission source contains mixtures of PCDD/F congeners. These mixtures can be translated into profiles which represent the distribution of individual PCDD/Fs (Buekens et al., 2000; Domingo et al., 2001; Schummacher et al., 2002; Lee et al., 2003; Wang et al., 2003A; Wang et al., 2003B; Kim et al., 2005) . These profiles may serve as a signature, or fingerprint, of the types of PCDD/Fs associated with particular incinerators and air pollution control devices. Fingerprinting PCDD/Fs has resulted in interesting applications for source identification.
Considering the potential variability and concentrations of PCDD/F emission in ambient air, average atmospheric levels are not necessarily the most adequate monitor for these compounds. To address this, soil and vegetation matrices located in the vicinity of the emission source have been used in the environmental monitoring of MSWIs (Schummacher et al., 1997; Schummacher et al., 1998; Schummacher et al., 2000; Domingo et al., 2001; Nadal et al., 2002) . Evaluation of PCDD/F concentrations in vegetation can produce information on short-term exposure to these compounds (Schummacher et al., 1997) . In general, PCDD/F uptake from soil via the roots into above-ground parts of plants would be insignificant, since the primary mechanism by which PCDD/Fs enter the plant is via atmospheric deposition (USEPA, 1995).
Our research group evaluated the transfer of PCDD/Fs into banyan leaves and found that the primary pathway for PCDD/Fs entering the banyan leaves was by particle phase absorption (86.4%). Another pathway was by gas phase absorption. Using pseudo first-order kinetics, the decomposition coefficient (including the photolysis and the biodegradation coefficient) of total PCDD/Fs was 0.0499 d -1 . The mean half-life of seventeen PCDD/F congeners was 276 hours (Hung, 2003) .
We also investigated relationships among seventeen 2,3,7,8-substituted PCDD/Fs found between the monitored emission source and banyan leaf receptors, as well as in the ambient air. The MSWI-JW, situated in a highly industrialized area in southern Taiwan, was chosen to characterize PCDD/F emission in the stack flue gas, ambient air, and banyan leaf. The relationships between the emission source, ambient air, and banyan leaf receptor were analyzed by applying principal component analysis (PCA) (Fiedler et al.,1996; Schummacher et al., 1997; Schummacher et al., 1998; Buekens et al., 2000; Schummacher et al., 2002; Domingo et al., 2002; Kim et al., 2005) . Relationships between meteorological conditions (wind rose) and the PCDD/F concentration in the selected geographical location were also examined.
MATERIALS AND METHODS

SAMPLING FOR STACK FLUE GAS
A basic description of the MSWI-JW is provided in by an accredited laboratory certified by the Taiwan EPA. The sampling train adopted in this study is comparable to that specified by the US EPA modified Method 5. Prior to sampling, XAD-2 resin was spiked with PCDD/F surrogate standards prelabeled with isotopes. Each sampling period lasted for about 3h. To ensure that the collected samples were contamination free, one trip blank and one field blank were also used during the field sampling. The PS-1 sampler was equipped with a quartzfiber filter for sampling particle-phase PCDD/Fs, which was followed by a glass cartridge containing PUF for sampling gas-phase PCDD/Fs. A known amount of surrogate standard was spiked to the PUF in the laboratory before the field sampling was conducted. Banyan leaf samples were obtained by cutting at least 10 cm above soil level. Leaves that were too fresh and too old were avoided. Samples were immediately packed in aluminum foil, cleaned later with tap water to remove dust on the surface of leaf, then dried at room temperature for one week. Samples were prepared by grinding them with a cutting mill to a fine powder and then homogenized. Approximately 10 g were used for analytical purposes. The PCDD/F composition is from the interior constitution and is expressed on the basis of kilogram dry weight of the leaves. 
SAMPLING FROM AMBIENT AIR AND BANYAN LEAF
PRINCIPLE COMPONENT ANALYSIS
Principle component analysis (PCA) was used to interpret the relationship between the emission source and ambient air receptor, and between the emission source and banyan leaf receptor. The data were divided into cases (in this study, PCDD/F emission sources, ambient air receptors, and banyan leaf receptors) and variables (the fractions of seventeen 2,3,7,8 chlorine-substituted congeners). The variables were used to characterize the cases. In the graphic associated with the cases (score plot), the cases with similar patterns will be located close to each other, while those which have divergent patterns will be located further apart; the cases were classified according to the position of their corresponding coordinates with respect to the factor axis (Jambu, 1991; Lee et al., 2004a; Lee et al., 2004b) . PCA allows a multi-dimensional dataset to be projected onto two or three dimensions in a way that much of the information of the original data is retained.
RESULTS AND DISCUSSIONS PCDD/FS IN THE STACK FLUE GAS
The mean PCDD/F concentration in the stack flue gas was found to be 0.0593 ng I-TEQ Nm -3 (n=2).
The PCDD/F concentration is lower than the PCDD/F emission standard (0.1 ng I-TEQ Nm -3 ) of large scale MSWIs regulated by the Taiwan EPA. The congener profiles of the seventeen 2,3,7,8 chlorinesubstituted PCDD/Fs were selected as the fingerprints of the MSWI-JW. Fig. 2 shows the congener p r o f i l e o f t h e " d i r t y " s e v e n t e e n P C DD/ F s ( me a n± SD) detected from the stack flue gases. Each selected congener was normalized by reference to the total weight of all 2,3,7,8-c o n g e n e r s . T h e v a r i a b l e " n "
represents the number of total stack flue gas samples. In the stack flue gases of MSWI-JW, OCDD is the 
PCDD/FS IN THE AMBIENT AIR
The mean PCDD/F concentrations in ambient air ranged between 0.037 and 0.111 and averaged 0.080 pg I-TEQ Nm -3 (RSD: 26.9%; n=14). These concentrations are within the range reported earlier in Hong Kong (Sin et al., 2002) , and are very similar to those in residential and traffic areas, but lower than those in the highly industrialized urban area located in southern Taiwan (Lee et al., 2004a; Lee et al. 2004b ). They are also are very similar to industrial and urban/rural areas in South Korea (0.07 and 0.08 pg I-TEQ m -3 , respectively) (Im et al., 2004) . Fig. 3 shows the congener profile of PCDD/Fs of ambient air. It shows that OCDD is the major congener, followed by 1,2,3,4,6,7,8-HpCDF, OCDF, and 1,2,3,4,6,7,8-HpCDD, which is consistent with findings in other studies (Coleman et al.,1997; Lee et al., 1999; Sin et al., 2003; Lee et al., 2004a; Lee et al. 2004b ).
PCDD/FS IN THE BANYAN LEAF
The PCDD/F composition in banyan leaves was found to range between 0.804 and 7.48 and averaged 2.83 ng I-TEQ kg-dw -1 (RSD: 61.9%; n=14). This is lower than the composition (mean value, 4.11 ng I-TEQ kg-dw -1 ) in grass and weed samples collected in the vicinity of a municipal solid waste incinerator in Tarrangona, Catalonia, Spain in 1996 (Schummacher et al., 1997); but it is higher than the composition of grass and weed samples (mean value, 0.23 ng I-TEQ kg-dw -1 ) taken at the same sampling sites in 1997 (Schummacher et al., 1998) . This composition is also higher than the herbage samples (mean value of 0.7 ng I-TEQ kg-dw -1 ) taken from sites in the vicinity of an old municipal solid waste incinerator in Adrià del Besòs, Barcelona, Spain (Schummacher et al., 2000) . Fig. 4 shows the congener profile of PCDD/Fs of the banyan leaves. It shows that OCDD is the major congener, followed by 1,2,3,4,6,7,8-HpCDF, 1,2,3,4,6,7,8-HpCDD, and OCDF, which is similar to that of the ambient air and consistent with findings in other studies (Schummacher et al., 1997; Domingo et al., 2001 ).
Banyan leaves n=14 2 ,3 ,7 ,8 -T e C D D 1 ,2 ,3 ,7 ,8 -P e C D D 1 ,2 ,3 ,4 ,7 ,8 -H x C D D 1 ,2 ,3 ,6 ,7 ,8 -H x C D D 1 ,2 ,3 ,7 ,8 ,9 -H x C D D 1 ,2 ,3 ,4 ,6 ,7 ,8 - ,3 ,7 ,8 -T e C D F 1 ,2 ,3 ,7 ,8 -P e C D F 2 ,3 ,4 ,7 ,8 -P e C D F 1 ,2 ,3 ,4 ,7 ,8 -H x C D F 1 ,2 ,3 ,6 ,7 ,8 -H x C D F 1 ,2 ,3 ,7 ,8 ,9 -H x C D F 2 ,3 ,4 ,6 ,7 ,8 -H x C D F 1 ,2 ,3 ,4 ,6 ,7 ,8 -H p C D F 1 ,2 ,3 ,4 ,7 ,8 ,9 -H The score plot from PCA (Fig. 5 ) reveals that stack flue gas, ambient air, and banyan leaf samples are divergent to each other; meaning that the correlation between the emission source MSWI-JW and the ambient air receptor is low. It is the same for banyan leaf receptor. Wind rose analysis shows that PCDD/F concentration in ambient air during summer (Fig. 6 ) and in fall (Fig. 7) sampled upwind was higher than that downwind. In addition, wind rose analysis during 2003 (Fig. 8) showed that the PCDD/F concentration in banyan leaf sampled upwind was higher than that downwind. These figures all reveal the same thing-that the area with high PCDD/F concentration isopleths does not match the geographic 
RELATIONSHIP BETWEEN EMISSION SOURCE AND RECEPTORS
